The aim of this present study was to determine the level of vitamin C, L-ascorbic acid, polyphenols, antioxidant activity, peroxidase, polyphenol oxidase, and catalase in the leaves of three varieties of kale at different stages of maturity. Average values per 100 g of fresh matter were 102 mg of vitamin C (of which L-ascorbic acid constituted 97%) and 359 mg polyphenols; antioxidant activity was measured at 48.9% RSA (17.6 μM Trolox/g kale). Redbor 1 c.v. variety contained the highest levels of the analyzed constituents. Compared with the first stage of maturity, plants at the second stage showed increases of 6% in vitamin C; 28% in polyphenols ; and 12% in antioxidant activity, whereas plants at the third  stage showed 5, 48, and 22% increased values, respectively. Average POD activity was 7.58  ΔA/min/g, PPO 1.64 ΔA/min/g, and CAT 7.93 mg H 2 O 2 /min/g. PPO activity increased  with the age of the plant. No consistent correlation was found between the stage of growth  and the other enzymes. 
INTRODUCTION
Vegetables constitute an important component of the human diet. Usually they contain low amount of fat and calories, but are high in fibre, vitamins, and minerals. [1, 2] Epidemiological research has confirmed that a diet rich in vegetables reduces the occurrence of cataracts, lung diseases, hypertension, cardiovascular diseases, diabetes, Parkinson's, and Alzheimer's disease. [3] [4] [5] [6] [7] [8] A report by the World Cancer Research Fund and the American Institute for Cancer Research [9] states that a diet rich in fruit and vegetables (more than 400 g/daily) may reduce the risk of neoplasms by at least 20%. In particular, a diet rich in Brassica vegetables, including broccoli, Brussels sprouts, cabbage, and kale, may significantly reduce the risk of neoplasm. [10] Kale is commonly cultivated in Central and Northern Europe and North America. Kale may be prepared in the same way as spinach and its small amounts are used as an excellent component of salads. [11] The Brassicaceae have a low caloric value 1070 KORUS (24-34 kcal/100 g) depending on the low content of protein (1.44-2.82 g/100 g) and an average content of fibre of 2.5/100 g. [12] Kale has a higher concentration of flavanoids than other vegetables, such as onion, green bean, broccoli, or leek. [13] It is a good source of vitamin C (107 mg /100 g FM) and carotenoids (2.7 mg/100 g FM). [14] These beneficial effects of vegetables are due to their concentrations of antioxidants, which inhibit the oxidation process in cells. [15] As the main antioxidant, vitamin C reduces the risk of arteriosclerosis, diseases of the circulatory system, and some neoplasms. [16] Over 85% of vitamin C in the diet comes from fruit and vegetables. [17, 18] The other antioxidants in vegetables are comprised of vitamin E, carotenoids, and polyphenols. [11] The antioxidant level in raw plant materials depends on, among other factors such as species, variety, degree of maturity, and weather conditions during the period of growth. [19] Consumers prefer fresh products that are prepared for convenient consumption without the loss of quality attributes, such as flavour and appearance. However, the enzymes present in food may cause undesired changes that occur as a result of the oxidation or reduction of various substrates catalyzed with their participation, [20] causing a deterioration in the colour, smell, flavour, texture, and nutritional value of the plant material. [21] Polyphenol oxidase and peroxidase are a group of enzymes catalyzing oxidation of polyphenolic compounds in many plant materials. [20, 22] Catalase CAT is also an oxireductive enzyme. Among the compounds that have been shown to inhibit browning is ascorbic acid. [23] The aim of this present work was to determine the level of vitamin C, polyphenols, antioxidant activity, and the activity of peroxidase (POD), polyphenol oxidase (PPO), and catalase (CAT) in fresh kale leaves in relation to its maturity.
MATERIALS AND METHODS

Materials
The investigated material was fresh kale leaves obtained on three dates, 10, 14, and 18 weeks after seedlings were planted. The research used two hybrid Dutch varieties produced by Bejo Zaden b.v., Winterbor F 1 , and Redbor F 1 , and the Polish variety, Medium High Green Curly. The kale was grown over a two-year period (2006-2007) on an experimental field in southern Poland on the western outskirts of Krakow. The seedlings were planted when the plants had formed 3-4 leaves, which occurred in the last week of June.
Each year, kale leaves were harvested three times at four-week intervals. The first harvest fell in the first five days of September when the number of marketable leaves was 25-30 per plant (1st stage of maturity). The second and third harvests took place in the first five days of October and in the first five days of November, respectively (2nd and 3rd stages of maturity). The harvest involved cutting whole plants and removing leaves that had yellowed (generally close to the base of the plant) and those at the top bud, which were too small (less than 10 cm long).
Methods
The main rib was removed from leaves of acceptable quality (with good colour and undamaged by diseases or pests), and the material for chemical analysis was sampled in four replications of 1 kg each. The antioxidant activity was measured using the DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging method. [24] The radical scavenging activity (RSA) was determined by measuring the absorbance at 516 nm in the above described spectrophotometer and expressed as: RSA (%) = (1 -absorbance at 516 nm after 10 min/absorbance at 516 nm after 0 min) × 100, and µM Trolox/g of fresh matter.
The vitamin C content was determined using the spectrophotometrical method. [25] Oxalic acid solution (2%) was used for extraction of the ascorbic acid. After quantitative reduction of 2,6-dichlorophenolindophenol dyestuff by ascorbic acid, and extraction of the excess dyestuff using xylene, the excess was measured at 500 nm in a Shimadzu UV 160A spectrophotometer (Shimadzu Europa GmbH) and compared with the vitamin C reference standard.
Total phenolic content was determined using the Folin-Ciocalteau reagent according to Singleton et al. [26] Two grams of homogenized samples were heated for 20 min in 80% ethanol under reflux. Five millilitres of 10-fold diluted extract, and 0.5 mL of 2-fold diluted Folin-Ciocalteau reagent, and 1 mL of 20% of sodium carbonate were added, and the contents were mixed thoroughly. The absorbance was measured at 760 nm in a Shimadzu spectrophotometer after 20 min using chlorogenic acid as a standard. The results were expressed as mg chlorogenic acid equivalents/100 g of fresh matter.
The peroxidase activity (POD, EC 1.11.1.1) was assayed spectrophotometrically using aliquots of extract and a reaction mixture composed of 0.05 M sodium phosphate buffer (pH 6.5) with 1% p-phenylenediamine as H-donor and 1.5% hydrogen peroxide as oxidant. The oxidation of p-phenylenediamine was measured using a Shimadzu UV 160A spectrophotometer at 485 nm. [27] The results were expressed as the change in absorbance ( A) per minute per gram of fresh matter of sample.
The polyphenol oxidase activity (PPO, EC 1.10.3.1) was assayed using aliquots of extract and a solution of 0.15 M cathecol in 0.05 M solium phosphate buffer (pH 6.5). The reaction was measured with a Shimadzu UV 160A spectrophotometer at 420 nm. [27] The results were expressed as the change in absorbance ( A) per minute per gram of fresh matter of sample.
Catalase activity (CAT, EC 1.11.1.6) was determined using the titration method proposed by Bergmeyer. [28] Hydrogen peroxide was added to a specific amount of water extract sample containing active catalase as well as to the control sample, in which the enzyme had been inactivated by heating, and left for 15 min. During this time, the hydrogen peroxide in the unboiled sample was broken down under the influence of catalase. The amount of H 2 O 2 left intact was assessed manganometrically by titrating boiled and unboiled 0.02 M KMnO 4 in an acid environment. Catalase activity was determined by comparing the amount of H 2 O 2 left in the boiled and unboiled samples. Catalase activity was expressed as mg H 2 O 2 /min/g.
Statistical Analyses
All analyses were conducted in four replications, each in two parallel samples. The results were statistically verified on the basis of analysis of variance, using the Snedecor F test and the Student t test, the least significant difference (LSD) being calculated for the probability level of p ≤ 0.01. The Statistica 6.1 (StatSoft Inc., Tulsa, OK, USA) program was applied.
RESULTS AND DISCUSSION
Vitamin C Content
Vitamin C content in Brassica vegetables varied greatly and depended on the maturity of the plant material, growing conditions, and storage conditions after harvest. [29] 1072 KORUS Therefore, the literature data show wide ranges of vitamin C concentration in vegetables. Kurilich et al. [30] determined an L-ascorbic acid level of 54-120 mg/100 g in broccoli, while Vallejo et al. [31] state 43-146 mg/100 g. Davey et al. [17] registered 87-109 mg of L-ascorbic acid in 100 g of Brussels sprouts, whereas in cauliflower Gębczyński and Kmiecik [32] found 65-99 mg; Davey et al. [17] 64-78 mg; and Kurilich et al. [30] 40-44 mg. Against this background, kale stands out with a vitamin C content of 93 and 186 mg as determined by Pfendt et al. [33] and Davey et al., [17] respectively.
Vitamin C levels in the kale leaves analyzed in the present study ranged between 77 and 133 mg/100 g kale (Table 1) , depending on the year of research, variety, and degree of plant maturity. In both years of the experiment, the greatest amounts of vitamin C were noted in Redbor F 1 c.v., averaging 118 g (YR1) and 104 mg/100 g (YR2). Vitamin C levels in Medium High Green Curly c.v. were 15 and 7% lower and in Winterbor F 1 22 and 6% lower, respectively. L-ascorbic acid constituted 95-99% of vitamin C.
Maturity is one of the major factors that determine the compositional quality of fruits and vegetables. [18] In both years of the investigation, vitamin C content decreased with plant maturity in Redbor F 1 but increased in Medium High Green Curly, while fluctuating in Winterbor F 1 . Taking an average of both years and all varieties, vitamin C concentration Table 1 Mean levels (mg/100 g fresh matter) * of vitamin C and L-ascorbic acid in three cultivars of kale growing in two years (YR1 and YR2), depending on the stage of maturity, in fresh matter. at the 2nd stage of maturity was 6% higher than at the 1st stage, while that at the 3rd stage was 5% lower than at the first. Omary et al. [34] found increasing vitamin concentrations in broccoli leaves and Yamada et al. [35] found increasing vitamin concentrations in spinach leaves as these vegetables matured. On the other hand, Drews et al. [36] observed an opposite tendency for vitamin C levels in garden and iceberg lettuce. Similarly, Lisiewska et al. [37] noted diminishing vitamin C concentrations with dill growth.
Total Polyphenols Content
The content of polyphenols in vegetables, as with other constituents, depends on the species, variety, and degree of maturity. [11] Among Brassica vegetables, broccoli is a valuable source of polyphenols, containing, according to Wu et al., [38] 337 mg of these compounds per 100 g of edible parts. Relatively high polyphenols concentrations were also found by the same authors in cauliflower (274 mg/100 g cauliflower) and cabbage (203 mg/100 g). However, the results obtained for polyphenols concentrations in these species by Kaur and Kapoor [5] differ sharply, being 88 mg in 100 g of fresh matter in broccoli, 96 mg in cauliflower, and 93 mg in cabbage.
Polyphenols content in the analyzed kale was much higher than stated for other Brassica vegetables. Total polyphenols content ranged from 256 to 531 mg/100 g fresh matter, being on average 5% higher in the second year of cultivation ( Table 2 ). Among the analyzed kale varieties, the highest polyphenols concentrations, on average 414 mg (YR1) and 432 mg (YR2), were found in the red-leaved variety, Redbor F 1 . Liu et al. [39] detected polyphenols concentrations in red lettuce, which were more than double those found in green lettuce. Medium High Green Curly c.v. had, on average, 319 mg (YR1) and 342 mg (YR2) polyphenols, Winterbor F 1 slightly less, 315 mg (YR1) and 317 mg/100 g (YR2).
Iqbal and Bhanger [40] and Julkunen-Titto [41] stated that polyphenols concentrations in plants increase with leaf maturity. Similarly, the statistically established tendency for polyphenols levels in kale to rise with maturity was generally found to be the rule in the present investigation. Average increases of 52% (YR1) and 46% (YR2) in polyphenol concentrations were observed between the 1st and 3rd stage of maturity. Vallejo et al. [42] also reported that polyphenols concentration increased with broccoli maturity. Choi and Lee [43] noticed a similar tendency in Agastache rugosa leaves and Lisiewska et al. [37] in dill leaves. On the other hand, Bãno et al. [44] established that the greatest accumulation of phenolic compounds in Rosmarinus officinalis leaves was present at the early stages, Wang and Lin [45] finding the same tendency in blackberry, raspberry, and strawberry leaves. The lower phenolic content values in the mature plant could be due to oxidative stress as the plant is dying off. [46] 
Antioxidant Activity
Vegetables are a rich source of compounds with antioxidant activity. [47] Cao et al., [48] in a comparison of 22 different vegetable types, showed that antioxidant activity ranged from 0.5 to 19.4 µM Trolox/g of fresh matter. Brassica vegetables are among those with the highest antioxidant capacity. [11] Cao et al. [48] reported that the antioxidant score decreases in the following order: kale > garlic > spinach > Brussels sprouts > broccoli flowers.
Antioxidant capacity in kale ( Table 2 ) ranged, depending on the year of cultivation, variety, and degree of maturity, between 40.7-65.5% RSA, corresponding to 14.7-23.7 µM Trolox/g. According to Kaur and Kapoor, [5] broccoli and Brussels sprouts have higher antioxidant activity than kale, 78 and 74% RSA, respectively, whereas for cauliflower it is 20% RSA. According to Gębczyński and Kmiecik, [32] the free radical scavenging ability in white cauliflower was 32.5 and 38.0% RSA in green cauliflower. Variation in the antioxidant content in vegetables is caused by variety, growing conditions, harvest, and storage. [49] Podsędek et al. [50] found different levels of antioxidant activity in Brassica vegetables depending on variety. However, this was not fully corroborated in the present investigation. Redbor F 1 showed the highest activity in YR1 (on average 58.8%, 21.2 µM Trolox/g). In the second year, all three varieties had similar ability to eliminate free radicals, on average 45.9% RSA, 16.5 µM Trolox/g. In both years, the level of antioxidant activity increased in all three varieties with plant maturity. In comparison with plants at the 1st stage of maturity, the plants at the 3rd stage had, on average, 26% RSA greater capacity in YR1 and 17% in YR2. It seems that antioxidant capacity might vary in response to polyphenol changes due to various growing conditions. [51] On the basis of the three-year observations of polyphenol levels and antioxidant capacity at two stages of maturity in cauliflower, Lo Scalzo et al. [52] found an increase in activity as phenol concentrations grew. A similar tendency was observed in the present experiment.
Enzyme Activity
It is important to know which oxidoreductive enzymes naturally occur in raw materials and their inactivation is essential to reduce perishablility. [20] Moreover, the inactivation of these enzymes increases the shelf life of vegetables during frozen storage. [53] Baardseth and Slinde [54] and Ponce et al. [20] demonstrated that POD activity varies considerably between various vegetable species. According to Baardseth and Slinde, [54] among 22 species, Brussels sprouts (26.56 A/min/g) and headed cabbage (8.04 A/min/g) showed the highest POD activity. The same authors found much lower POD activity in kale (1.05 A/min/g).
POD activity observed in the present experiment ( Fig. 1 ) ranged quite widely from 6.11 to 16.06 A/min/g (YR1) and 3.89 to 6.73 A/min/g fresh matter (YR2), depending on the variety and degree of maturity. Huang et al. [55] also pointed the influence of variety on POD activity. In YR1, the highest activity of this enzyme was observed in Redbor F 1 , averaging 10.85 A/min/g fresh matter. In Medium High Green Curly c.v. it was 12% lower and in Winterbor F 1 18% lower. In YR2 POD activity in all varieties was similar, on average 5.40 A/min/g. Fluctuations in POD activity between the degrees of maturity were observed in both years of the investigation, except for the increase in POD detected only in YR1 in Winterbor F 1 . The other samples revealed lower POD activity at the 2nd degree of maturity than at the 1st, followed by an increase. Mukherjee and Rao [56] also found that POD activity increased in older Cajanus cajan leaves. PPO activity ranged from 1.23-3.55 A/min/g (YR1) and 1.09-1.96 A/min/g fresh matter (YR2), depending on the variety and degree of maturity (Fig. 2) . On average, Medium High Green Curly c.v. had the highest activity (2.24 A/min/g) in YR1 and Redbor F 1 (1.43 A/min/g) in YR2. In both years, Winterbor F 1 had the lowest PPO activity: 1.45 A/min/g (YR1) and 1.39 A/min/g (YR2). In all three varieties, PPO activity increased during growth, being 19% higher at the 2nd stage and 75% higher at the 3rd stage.
CAT activity ranged from 2.35 to 20.20 mg H 2 O 2 /min/g (YR1) and from 4.68 to 20.63 mg H 2 O 2 /min/g (YR2), depending on the variety and degree of maturity ( Fig. 3) . Medium I  III  II  I  III  II  I  III  II  Redbor F 1 Winterbor F 1
Stages of maturity and cultivars
Medium High Green Curly YR1 YR2 I  III  II  I  III  II  I  III  II  Redbor F 1 Winterbor F 1 Medium High Green Curly Stages of maturity and cultivars High Green Curly c.v. showed the highest CAT activity (9.07 mg H 2 O 2 /min/g) in YR1 and Winterbor F 1 (11.78 mg H 2 O 2 /min/g) in YR2. In both years, the lowest level of this enzyme was noted in Redbor F 1 . Baardseth and Slinde [54] highest CAT activity in green pea (4.03 A/min/g) and corn (2.39 A/min/g). However, they also point to considerably greater CAT activity in kale compared with other Brassicas, by as much as several dozen times. In the present study, no consistent correlation was found between the stage of growth and CAT activity. Declining enzyme activity accompanied plant maturation in Redbor F 1 c.v. (both years) and Medium High Green Curly c.v. (YR2 only). In the remaining samples, enzyme activity increased with plant growth. As reported by Lester et al., [57] younger plants also showed lower CAT activity than older ones.
CONCLUSION
The present work demonstrated that leaves from all the analyzed species of kale contained high levels of vitamin C, polyphenols, and antioxidant activity. In both years of the investigation, the levels were higher in the red-leaved Redbor F 1 c.v. variety than in the green-leaved Winterbor F 1 c.v. and Medium High Green Curly c.v. varieties. Fluctuating vitamin C levels and increasing levels of polyphenol and antioxidant activity were found in all varieties as the plants matured. Among the analyzed enzymes, the levels of POD and CAT were generally higher than that of PPO. Only the case of PPO showed increased activity in all varieties with plant maturation that of the other enzymes fluctuated.
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